Investigations o f E. antiquorum , E. helioscopia, E. palustris, E. peplu s and E. quadrialata for irritant and tumor prom oting constituents afforded several new ingenane type diterpene esters derived from the parent alcohols ingenol and 20-deoxyingenol and from the hitherto unknown 20-deoxy-16-hydroxyingenol and 20-deoxy-13.16-dihydroxyingenol. The irritant activities of the natural com pounds are reported together with som e aspects on structure activity relationships.
Introduction
The plant family Euphorbiaceae consists of about 290 genera. Am ong them , the largest genus E uphor bia comprises about 1600 species [1] , occurring as succulent or non-succulent plants in most parts of the world. Plant parts of E. species are well known to be irritant. They are often used in folk medicine against all kinds of diseases [e.g. 2 -4] . M any E. species growing wide-spread as weeds are held responsible for poisoning of live-stock [5] .
During the last 15 years, in investigations of the chemical nature of the toxic principles of E uphor biaceae for obvious reasons preferentially the latices of many of the large succulent and perennial E uphor bia species indigenous to Africa were used. They were shown to contain highly irritant and frequently tum or prom oting diterpene esters of the tigliane, in genane and daphnane type (for reviews see [6] [7] [8] ). Only few investigations were carried out with her baceous E . species indigenous to Europe occurring mostly as weeds. From E uropean species, as active constituents so far esters of ingenol and of 16-hydroxyingenol have been isolated from E. lathyris [9] and E. esula [10] and esters of 13-hydroxyingenol and 13,19-dihydroxyingenol from E. cyparissias [11] . M oreover, esters of 20-deoxyingenol and 4-deoxyphorbol were obtained from E. biglandulosa [12] and esters of 12-deoxyphorbol from E. helioscopia [13] . We now report on the isolation of new ingenane type diterpene esters from the three European species E. helioscopia, E. palustris and E. peplus. Some of their esters or parent alcohols are identical with those isolated for comparison from the African succulent E. quadrialata and from the Indian succu lent E. antiquorum . The active principle of a com mon Thai drug derived from E. antiquorum was de scribed elsewhere [14] .
R esults
From E. peplus and E. quadrialata extracts of the latices, from the other plants extracts of the aerial parts were investigated. The constituents of all ex tracts were isolated in separation procedures using multiplicative distributions and chromatographic methods m onitored by the standard assay for irritant activity on the mouse ear [15] ; for further experim en tal details see also [16] . All factors (ID 50< 5 0 nmoles/ ear) and com pounds (practically non-irritant, ID 50> 5 0 nmoles/ear) are characterized with the first or the first two letters of the plant species from which they were isolated (letters for factors in bold-faced type). Their structures and irritant activities are sum marized in the Table. 1. Derivatives o f ingenol (1, Fig. 1 ) From the latex of E. antiquorum and from a Thai purgative drug derived from it, Euphorbia factor A n t was isolated and characterized as 3-O-angeloylingenol (2) . It forms readily the 5.20-0-isopropylidene derivative 3 upon treatm ent with acetone/p-toluene sulfonic acid hydrate [14] . Preparation of the acetonide from a crude irritant fraction obtained from stems of E. antiquorum , containing i.a. chlorophyll, proved useful for isolation and charac terisation of A n ( as 3, which could easily be sepa rated by TLC.
A more refined separation procedure with E. helioscopia (for details see [16] ) afforded several fac tors (Hj-H3, H5, H6), characterized as 3-acylates of ingenol (1) with unsaturated acid moieties. A ccord ing to spectral data and chrom atographic properties factor Hj is identical with A nlf A gain, Hj furnished the isopropylidene derivative 3, which upon transesterification with sodium m ethanolate afforded 5.20-O-isopropylideneingenol 4 [17] . Transesterification of the mixture H2, H3 not separable by TLC (silica gel) with 0.1 M N aO C H 3/M eO H yielded ingenol (characterized as its 3.4:5.20-di-0-isopropylidene derivative 5 [17] ) and unsaturated methyl esters showing UV absorbance at 346 (tetraenoate) and 307 nm (trienoate). A fter catalytic hydrogenation they were identified by GLC analysis as methyl decanoate and dodecanoate. H2, H3 afforded the mix ture of acetonides 6, 7 with a sharp singlet at 5.60 ppm (3-H) in the NM R spectrum. Thus H2 rep resents 3-0-(2.4.6-decatrienoyl)ingenol (8) and H3 3-0-(2.4.6.8-dodecatetraenovl)ingenol (9). and catalytic hydrogenation of the resulting methyl esters in both cases decanoic acid methyl ester was identified as the m ajor compound by GLC.
Factor Pej from E. peplus (M* at m/e 472) shows similar UV data as A n^ In the N M R spectrum an additional singlet of an acetyl group appears at 2.09 ppm and the signal for 20-H2 at 4.65 ppm. It was shown by selective acetylation [18] of An! that factor Pej represents 20-0-acetyl-3-0-angeloylingenol (12)*. A compound with the same structure, tentatively assigned, was isolated from Euphorbia kamerunica [21] . Three further ingenane type angelates with a m olecular weight of 414 are Euphorbia factors H4, H8 and Pe2. Pe2 and H8 show the same spectroscopic and chrom atographic properties and are therefore identical. Their NMR spectra differ from that of Anx mainly by the absence of the signal of 20-H2, whereas an additional broad singlet of a methyl group appears at 1.80 ppm superimposed with that of 19-H3. D e coupling experim ents establish this signal to indicate a 2O-H3 group. This assignment also explains the diamagnetic shift of protons 5-H and 7-H of about 0.3 ppm. Transesterification of Pe2 afforded the crystalline parent compound 20-deoxyingenol (13) [22] , which was characterized as the 3,5-diacetate and the 3.4-O-isopropylidene derivative 15.
The difference between H8 and H4 is revealed by the NM R spectra. The sharp singlet at 5.45 ppm is consistent with the presence of a 3-acylate for H8. In the spectrum of H4 this signal is replaced by a broad singlet at 5.25 ppm similar to 5-acylates in the in genol series [18, 20] . An additional support for these assignments was given by treating both factors with acetone/p-toluenesulfonic acid hydrate. Only H4 af forded an acetonide 16. Therefore H8 and Pe2 repre sent the 3-angelate 17 and H4 the 5-angelate 18 of 20-deoxyingenol (13).
Two further Euphorbia factors were identified as 5-acylates of 13. P2 was characterized as the benzoate 19, H7 as the 2.4.6-decatrienoate 20. In both cases position of the acid moieties were ensured by p repar ing the acetonides 21 and 22, respectively. Transes terification of H7 yielded 20-deoxyingenol (13) and a corresponding unsaturated methyl ester showing UV absorbance at 302 nm. A fter catalytic hydrogenation it exhibited an identical retention time as methyl decanoate. E uphorbia factor P7 must be a 5-hexanoate 23 according to the mass spectrum (M~ at m/e = 430) and the N M R spectrum (5-H at 5.20 ppm). As indi cated by N M R the acid residue is probably branched.
Also two 3.5-diesters of 13, compounds P8 and P9, were isolated from E. palustris. P8 shows spectral data identical with those of the 3.5-dibenzoate 24 prepared from 13 by treatm ent with benzoyl chloride/ pyridine. P9 is a hexanoate-benzoate with a probably branched aliphatic chain like in P7. In the NM R spec trum of P9 a diamagnetic shift for the signals of 1-H (0.16 ppm) and 3-H (0.32 ppm) compared to those in the spectrum of P8 is observed. This may indicate that 3-OH in P9 is esterified with the aliphatic acid, i. e. com pound P9 represents structure 25. E uphorbia factor Q x, an angelate-acetate was iso lated from E. quadrialata. The chemical shifts of the signals in the NM R spectrum, however, are similar to those in the spectrum of H8. Decoupling experi m ents give proof for a 20-H3 group; furtherm ore an AB-system appears at 4.16 ppm, which is due to a hydroxymethyl group in the ingenane skeleton. The appearance of only one singlet of a cyclopropylic methyl group and the provable doublet of 18-H3 at 0.95 ppm suggest this position to be at C-16 or C-17. Like in derivatives of 16-hydroxyingenol [23] an evi dent shifting of the signal of 14-H to lower field can be shown by decoupling experiments. W hereas in H8 this signal appears at 0.85 ppm it is now provable at 1.08 ppm. So it may be deduced that the oxygenation has occurred at C-16. The parent compound 20-deoxy-16-hydroxyingenol (26) was shown to be diterpene parent alcohol of esters occuring in E. marginata [24] ,
The positions of the different acid residues in Qi were investigated by mild base catalyzed transesterification. T reatm ent with 5 x 10-' 1 M N aO C H 3/M eOH afforded the 3-angelate 27. In a smaller amount, the 5-angelate 28 was obtained probably formed by acyl m igration as known for ingenol-3-acylates [18] . In about the same am ount also the parent alcohol 26 was isolated and characterized as the 3.5.16-triacetate 29. H ence, spectral data and chemical reactions prove structure 30 for Euphorbia factor Qj.
26 was also shown to be the parent alcohol of two dibenzoates, factor P6 and compound Pj. An ABsystem at 4.46 ppm in the NM R spectrum of P6 and a broad singlet at 4.55 ppm in that of Pj indicate benzoylation of the prim ary hydroxyl group in both cases. The other ester positions are distinguishable like in the series of 20-deoxyingenol. Whereas P6 shows a sharp singlet at 5.73 ppm, indicating 3-H and superim posed with the multiplet of 7-H. P] has a com parable but broader singlet at 5.46 ppm, which must be due to the proton 5-H. Formation of the acetonide 31 from P] is an additional evidende that Pt represents the 5,16-dibenzoate 32 since only this sub stitution type (out of six possible diesters) should afford an acetonide according to the Dreiding-Model. Factor P6 therefore is the isomeric 3,16-dibenzoate 33.
The dibenzoates P] (32) and P6 (33) gave the 16-benzoate 34 after short treatm ent (1 h) with 0.1 M N aO C H 3/M eO H . 34 afforded the isopropyl idene derivative 35, which upon transesterification furnished 36. Complete transesterification of Pj or P6 occurred within 24 h to yield the parent alcohol 26 which was characterized as its 3.5.16-triacetate 29. (37, Fig. 3) Three other constituents of E. palustris, com pounds P3 and P4 and factor P5, exhibit strikingly similar NM R spectra like factor P6 concerning the characteristic signals between 3 and 7 ppm. Com bined with the mass spectra, however, they give evi dence for triesters of a parent compound, which dif fers from 26 by an additional oxygen atom. P5 (M~ at mte -676) shows signals of 15 aromatic protons in the NM R which indicate a tribenzoate. Because no new signal in the spectrum can be observed the addi tional oxygen atom should be attached to a tertiary C-atom in the ingenane skeleton. The position is re vealed by decoupling experim ents. By irradiation at 4.3 ppm (8-H) the doublet at 1.61 ppm (J = 12 Hz) is changed to a sharp singlet. This low field shift for 14-H and the signals of the apparently more de shielded protons 11-H and 12-H2 indicate that the oxygenation must have occurred at C-13. From these data and comparison with factor P 6, P 5 can be re garded as the 3.13.16-tribenzoate 38 of the new 20-deoxy-13.16-dihydroxyingenol (37). The spectral data of P3 and P4 prove them to be a dibenzoatephenylacetate 39 and a dibenzoate-acetate 40, re spectively, of the same parent alcohol. Probably the acid moieties differing from those in P 5 are located at C-13, because the chemical shifts of 3-H and 16-H2 have not changed.
Derivatives o f 20-deoxy-l3 .16-dihydroxyingenol
Chromatographic investigations suggest an insta bility of these compounds. A fter storage of P4 for six months in ethyl acetate the corresponding 5.13.16-triester 41 was isolated in a yield of about 30% . O b viously similar acyl migrations occur as in the series of ingenol-3-acylates [18] .
Discussion
Esters of ingenol have been isolated from many species of Euphorbiaceae in recent years (for review see [6] [7] [8] ). From the three European E uphorbia species investigated here further esters of ingenol (1), 20-deoxyingenol (13), 20-deoxy-16-hydroxyingenol (26) and 20-deoxy-13.16-dihydroxyingenol (37) were obtained (for overview see Table) . The same or simi lar esters of ingenol and 20-deoxy-16-hydroxyingenol were shown to be present in E. antiquorum indigen ous to India and in the African species E. quadrialata, respectively.
In our investigation of E. helioscopia the presence of 12-deoxyphorbol esters as reported by Evans et al. [13] was not confirmed. The reason for this may be the difference in origin of the plant specimens inves tigated: it is known, that e.g. latex from E. tirucalli collected in Africa com pared with latex collected in Madagascar shows quantitatively different pattern of diterpene esters of the tigliane and ingenane type [25, 26] ). Perhaps the biosynthetic routes producing these irritant diterpene esters depend on soil and/or climate where these plants are grown.
Nearly all ingenane type factors isolated exhibit their highest irritant activity on the mouse ear al ready 5 hours after application (see Table) , whereas 3-O-tetradecanoylingenol (3-TI), as a standard, shows its maximum 24 h after application [18] . Am ong all factors isolated, 3-esters of ingenol exhibit the highest irritant activity (see Table) , though all of them are clearly less active than 3-TI after 24 h. U n saturation of the acid moieties, either in long chain carboxylic acids (C 10 in factors H 2, H 5 and and C12 in factor H 3) or in short chain acids (angelic acid in factor H x or A n x) reduces the exposure time to reach the maximum of the irritant activity (/. e. minimum of ID 50) at 5 h. W hen Hj is esterified in 20-position with acetic acid (as in P e }) the activity measured 24 h af ter application on the mouse ear is comparable (ID 5q value was not determ ined).
3-Esters of 20-deoxyingenol still exhibit consider able irritant activity. Compared to 3-O-angeloylingenol, 3-0-angeloyl-20-deoxyingenol (Pe2 or H 8) is about four times less active. With phorbol-12.13-diesters it was found that presence of a 20-hydroxyl group is a prerequisite for irritant activity [27] . 5-Esters of 20-deoxyingenol (H4, H 7 and P2, P7) are only weak irritants 5 h after application (ID 5o be tween 4 and 20 nmoles/ear) and practically inactive 24 hours after application on the mouse ear (IÜ 5o> 100 nmoles/ear). The 3,5-diesters of the same parent alcohol, P8 and P9, are inactive.
W hereas 3.16-diesters of 16-hydroxyingenol are highly active as irritants [23] The 3.13.16-tribenzoate of the new parent alcohol 20-deoxy-13,16-dihydroxyingenol (P5) is a weak irri tant, too, and the aromatic/aliphatic 3.13.16-triesters, P3 and P4, are non-irritant. On the other hand it is known that 3.13.19-triesters of 13.19-dihydroxyingenol are highly irritant [11] .
3-Angelates of ingenol and of 20-deoxyingenol were previously also isolated from latex of E. paralias [28] . They were tested for irritant activity, but the ID 50 values obtained are not comparable with the present data, perhaps due to use of different strains of mice. Similarly as with factors Hj and H 8, they exhibited 2 h after application on the mouse ear higher irritant activity than at 24 h. However, 3-0-angeloyl-20-deoxyingenol showed a ca. 20 fold high er activity than 3-O-angeloylingenol, which is differ ing considerably from our data. The separation procedures were accompanied by a standardized test for irritant activity on the mouse ear [15] .
Plant materials. 1 kg of plant stems of E. anti quorum were purchased from F. G. Celo, Medicinal Plants Inc., Zweibrücken. Latex of E. peplus was collected in July and August in vineyards near Heidelberg. The stalks were cut below the umbel and the latex collected with glass capillary tubes. These were crushed under acetone and the m aterial was extracted several times with acetone. Aerial parts of E. helioscopia and E. palustris were purchased from Heinrich B ornträger, Drugs and Spices, Offstein (G erm any). A fter collection all plant materials were cut and preserved and stored under m ethanol. The methanolic liquid of plant preparations was com bined with the m ethanol extracts (see below) of cor responding plant parts. A latex preparation of E. quadrialata in methanol was provided by the late Dr. P. R. O. Bally, Nairobi, Kenya.
Separation procedures
I. A e r i a l P l a n t p a r ts E. antiquorum. 1 kg of green stems of E. anti quorum , preserved under methanol were ho mogenized with an "U ltra Turrax" and extracted exhaustively with methanol to yield 16.7 g of a m ethanol extract. Partitioning between water and ethyl acetate afforded 2.75 g of an ethyl acetate ex tract (ID 50: 1.5 jug/ear). 1 g of this extract was sepa rated by prep. TLC in ether/petroleum ether = 4/1 and 30 mg of a crude irritant fraction were obtained, still not hom ogeneous according to TLC. This frac tion was treated with acetone and catalytic amounts of p-toluene sulfonic acid hydrate for 30 min. After purification of the reaction product by prep. TLC in ether/petroleum ether = 1/1 3.0 mg of an isopropylidene derivative were obtained, Rf (ether/petroleum ether = 1/1): 0.4; all spectral data are identical with those described for com pound 3 (see below).
E. helioscopia. 12 kg of aerial parts of E. helio scopia yielded 923 g of a methanol extract. W ater and ethyl acetate were added and the aqueous layer was extracted with ethyl acetate for several times. The ethyl acetate extract obtained (157 g, ID 50 29 ^g/ear) was distributed successively according to O 'Keeffe in the solvent systems A and B. The remaining irritant active fraction (27.4 g, ID 50 6.4 //g/ear) was subjected to a Craig distribution in system A with n = 4000 transfers. Then irritant principles were indicated in the fractions of G = 0.06-0.18. From these frac tions by means of prep. TLC the Euphorbia factors H i, H4-H 8 and the mixture of Euphorbia factors H 2, H 3 were isolated.
E. palustris. In an equivalent procedure irritant principles were concentrated from the methanol ex tract (883 g) from 11.3 kg of E. palustris. The ethyl acetate extract weighed 154 g. A ftertw o O'Keeffe dis tributions the active fraction (16.0 g. ID 50 5.7 ,wg/ear) was subjected to a Craig distribution with n = 3000 transfers. Irritant principles were found within the fractions showing G = 0.05-0.11. From these frac tions the E uphorbia factors P2 and P5-P7 were iso lated besides the compounds Pj, P3, P4. Further simi lar com pounds, P8 and P9 were isolated from more hydrophobic non-irritant fractions which had been separated after the second O 'Keeffe distribution.
I I . L a tic e s
E. antiquorum (see [14] ) E. peplus. 380 mg of an acetone extract of latex (ID 50 0.85 ^g/ear) was distributed in system A with n = 35 transfers according to Craig. From the hy drophilic fraction (199 mg, ID 50 0.38 ^g/ear) the E uphorbia factors Pe! and Pe2 could be isolated by means of prep. TLC.
E. quadrialata. Extraction of the latex preparation (100 g) with acetone yielded 20 g of acetone soluble m aterial (IU: 6.6 wg/ear). By a Craig distribution us ing system A the acetone extract was separated into the non-irritant hydrophobic fraction (IU: >2000 jugl ear) and the irritant hydrophilic fraction (2.5 g; ID 50: 2.2 jug/ear). From this fraction factor Ch (23 mg) was isolated using prep. TLC.
Chemical reactions
Transesterification. A bout 10 mg of a sample were treated with 1 ml of 0.1 M N aO C H 3/M eO H for 1-5 h at room tem perature. A fter addition of phos phate buffer, pH 6.7, the solution was extracted with ethyl acetate. The organic layers were dried with M gS 04, and after evaporation of the solvent the pro ducts were isolated by prep. TLC in suitable solvent systems.
Preparation o f isopropylidene derivatives. The sample was dissolved in a small volume of acetone and then treated with a catalytic am ount of p-toluene sulfonic acid hydrate for 1-24 h at room tem pera ture. The reaction was stopped by adding phosphate buffer pH 6.7, the products were extracted with ethyl acetate and purified by prep. TLC.
Acetylations. A bout 10 mg of a sample was dis solved in 5 ml of pyridine/acetic anhydride 3/1 and kept at room tem perature for 12-24 h. A fter hydrolization with phosphate buffer pH 6.7, the products were extracted with ethyl acetate. The organic layer was washed with 1 M HC1 then with buffer and final ly with water. A fter drying (M gS 04) and evaporation of the solvent, purification was carried out by prep.
TLC.
Hydrogenations o f unsaturated fatty acid methyl es ters. The transesterification products (usually 2 mg) were dissolved in about 5 ml of ethyl acetate. A fter adding a catalytic amount of palladium-charcoal the reaction mixture was stirred for 2 -3 h under hydro gen. A t the end of the reaction the catalyst was re moved by filtration. 
Derivatives o f ingenol (1)
E
ppm (superimposed). a) T r a n s e s t e r i f i c a t i o n o f f a c to r s H2, H3 af fording 1 a n d u n s a t u r a t e d m e th y l e s te r s :
Characterisation of 1 by preparation of the ingenol-3,4:5,20-diacetonide (5), spectral data identical with those described in [17] . Catalytic hydrogenation of the unsaturated methyl esters yielded methyl dodecanoate (rel. int. 30% ), methyl decanoate (100% ), others (< 3 % ) as identified by GLC analysis with authentic references. T r a n s e s t e r i f i c a t i o n o f 11a a f f o r d in g ing e n o l-5 ,2 0 -a c e to n id e (4) a n d u n s a t u r a t e d m e th y l e s t e r s : Spectral data of 4 were identical with those described in [17] . Catalytic hydrogenation of the unsaturated methyl esters yielded methyl decanoate (rel. int. 100%) and others (17% , 19%, 25% , < 5 % ) as identified by GLC analysis with au thentic references. (2 q 
